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PROGRAMMING METHODS AND CIRCUITS 
FOR SEMICONDUCTOR MEMORY CELL 

AND MEMORY ARRAY USING A 
BREAKDOWN PHENOMENA IN AN ULTRA 

THIN DIELECTRIC 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention is a continuation-in-part of pending 
US. patent application Ser. No. 10/024,327 ?led on Dec. 17, 
2001 and US. patent application Ser. No. 09/955,641 ?led 
Sep. 18, 2001, priority to Which is hereby claimed under 35 
U.S.C. §120, further Wherein each is hereby incorporated by 
reference in their entirety. 

TECHNICAL FIELD 

The present invention relates to the programming of 
nonvolatile programmable semiconductor memory, and 
more particularly, to programming nonvolatile program 
mable semiconductor memory cells that use a breakdown 
phenomena in a dielectric, such as a MOS gate dielectric to 
store digital information. 

BACKGROUND 

Nonvolatile memory retains stored data When poWer is 
removed, Which is required or at least highly desirable in 
many different types of computers and other electronic 
devices. One commonly available type of nonvolatile 
memory is the programmable read-only memory 
(“PROM”), Which uses Word line-bit line crosspoint ele 
ments such as fuses, anti-fuses, and trapped charge devices 
such as the ?oating gate avalanche injection metal oxide 
semiconductor (“FAMOS”) transistor to store logical infor 
mation. PROM typically is not reprogrammable. 
An example of one type of PROM cell that uses the 

breakdoWn of a silicon dioxide layer in a capacitor to store 
digital data is disclosed in US. Pat. No. 6,215,140 to 
Reisinger et al. The basic PROM disclosed by Reisinger et 
al. uses a series combination of an oxide capacitor and a 
junction diode as the crosspoint element. An intact capacitor 
represents the logic value 0, and an electrically broken-doWn 
capacitor represents the logic value 1. The thickness of the 
silicon dioxide layer is adjusted to obtain the desired opera 
tion speci?cations. 

Improvements in the various processes used for fabricat 
ing the various types of nonvolatile memory tend to lag 
improvements in Widely used processes such as the 
advanced CMOS logic process. For example, processes for 
devices such as ?ash EEPROM devices tend to use 30% 
more mask steps than the standard advanced CMOS logic 
process to produce the various special regions and structures 
required for the high voltage generation circuits, the triple 
Well, the ?oating gate, the ONO layers, and the special 
source and drain junctions typically found in such devices. 
Accordingly, processes for ?ash devices tend to be one or 
tWo generations behind the standard advance CMOS logic 
process and about 30% more expensive on a cost-per-Wafer 
basis. As another example, processes for antifuses must be 
suitable for fabricating various antifuse structures and high 
voltage circuits, and so also tend to be about one generation 
behind the standard advanced CMOS process. 

The present invention discloses a CMOS compatible 
single-poly nonvolatile memory cell and array, and the 
programming circuits and methods associated thereWith. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of a portion of a 
memory array in accordance With the present invention. 
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2 
FIG. 2 is a partial layout diagram of a portion of the 

memory array represented by FIG. 1. 
FIG. 3 is a cross-section diagram of an integrated circuit 

structure for the portion of the memory array corresponding 
to FIG. 2. 

FIG. 4 is a cross-section diagram of a variation of the 
integrated circuit structure of FIG. 3. 

FIG. 5 is a schematic circuit diagram of a portion of 
another type of memory array in accordance With the present 
invention. 

FIG. 6 is a partial layout diagram of a portion of the 
memory array represented by FIG. 5. 

FIG. 7 is a cross-section diagram of an integrated circuit 
structure for the portion of the memory array corresponding 
to FIG. 6. 

FIG. 8 is a table of voltages. 
FIG. 9 is a table of voltages. 
FIG. 10 is a table of voltages. 
FIG. 11 is a schematic diagram of an alternative embodi 

ment of a semiconductor memory array. 

FIG. 12 is a partial layout diagram of a portion of the 
memory array represented by FIG. 11. 

FIG. 13 is a block schematic diagram of a semiconductor 
memory. 

FIG. 14 is a schematic diagram of the memory array of 
FIG. 11 With programming circuitry that employs a variable 
Wordline voltage. 

FIG. 15 is a schematic diagram of the memory array of 
FIG. 11 With programming circuitry that employs a variable 
select transistor voltage. 

FIG. 16 is a schematic diagram of the memory array of 
FIG. 11 With programming circuitry that employs a variable 
current control. 

DETAILED DESCRIPTION 

Programming circuits and methods for programming and 
reading a memory cell is disclosed. The semiconductor 
memory cell has a data storage element constructed around 
an ultra-thin dielectric, such as a gate oxide. The memory 
cell is used to store information by stressing the ultra-thin 
dielectric into breakdoWn (soft or hard breakdoWn) to set the 
leakage current level of the memory cell. The memory cell 
is read by sensing the current draWn by the cell. A suitable 
ultra-thin dielectric is, for example, high quality gate oxide 
of about 50 A thickness or less, as is commonly available 
from presently available advanced CMOS logic processes, 
for example. Such oxides are commonly formed by 
deposition, by oxide groWth from a silicon active region, or 
by some combination thereof. Other suitable dielectrics 
include oxide-nitride-oxide composites, compound oxides, 
and so forth. 

In the detailed description provided beloW, three different 
embodiments of a memory cell are disclosed. The program 
ming methods and circuits disclosed herein are applicable to 
all three. Further, numerous speci?c details are provided to 
provide a thorough understanding of embodiments of the 
invention. One skilled in the relevant art Will recogniZe, 
hoWever, that the invention can be practiced Without one or 
more of the speci?c details, or With other methods, 
components, materials, etc. In other instances, Well-knoWn 
structures, materials, or operations are not shoWn or 
described in detail to avoid obscuring aspects of the inven 
tion. 

Reference throughout this speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
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structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
present invention. Thus, the appearances of the phrases “in 
one embodiment” or “in an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular 
features, structures, or characteristics may be combined in 
any suitable manner in one or more embodiments. 

A detailed description of the memory cells and array is 
?rst provided in FIGS. 1—13. Then a detailed description of 
the programming circuitry and methods is shoWn in FIGS. 
14—16. 

An eXample of an arbitrary 4 by 4 portion of a memory 
array 100 that includes several such memory cells is shoWn 
in the schematic diagram of FIG. 1 Which shoWs 16 memory 
cells, each of Which includes a MOS transistor and a MOS 
half transistor. The memory cell at, for example, the cross 
point of the ?rst roW R1 and the ?rst column C1 includes an 
n-channel MOS transistor 115 having its gate connected to 
the roW line R1, its source connected to a source line S1, and 
its drain connected to one terminal of a MOS half-transistor 
111. 

The MOS transistor 115 is also referred to herein as a 
select transistor and is used to “select” a particular memory 
cell for programming or reading. As Will be seen beloW, 
during the programming step, a voltage is applied to the 
select transistor and MOS half-transistor 111 to break doWn 
the gate oXide of the MOS half-transistor 111. HoWever, it 
is undesirable to break doWn the gate oXide of the select 
transistor. Therefore, the gate oXide of the select transistor 
may be made, in some alternative embodiments, to have a 
thicker gate oXide than that of the MOS half-transistor 111. 
Additionally or in the alternative, the select transistor may 
be replaced by an device that is more resistant to break 
doWn. 

The gate of the MOS half-transistor 111 is connected to 
the column line C1. The other memory cells shoWn in FIG. 
1 are formed from half-transistor-transistor pairs 112 and 
116, 113 and 117, 114 and 118, 125 and 121, 126 and 122, 
127 and 123, 128 and 124, 131 and 135, 132 and 136, 133 
and 137, 134 and 138, 145 and 141, 146 and 142, 147 and 
143, and 148 and 144. 
A MOS half-transistor functions as folloWs. During pro 

gramming or read, a positive voltage (for a p-type active 
region) is applied to the gate, Which is one terminal of the 
capacitor. The gate acts as one plate of the capacitor and also 
causes an n-type inversion layer to form under the gate. The 
inversion layer acts as the other plate of the capacitor, and 
together With the source/drain region forms the second 
terminal of the capacitor. 

The use of half-transistor type data storage elements in the 
array 100 of FIG. 1 is advantageous because the half 
transistors can be fabricated using many conventional MOS 
and CMOS processes Without adding any mask steps to 
them. HoWever, other types of ultra-thin dielectric data 
storage elements may be used if desired. For example, a 
capacitor type data storage element advantageously may be 
programmed in either direction and has less resistance When 
the ultra-thin dielectric is stressed, but may require an 
additional masking step in some processes. Half-transistor 
type data storage elements are shoWn in cross-section in 
FIG. 3, While capacitor type data storage elements are shoWn 
in cross-section in FIG. 4. 

Although only a 4 by 4 portion of the memory array 100 
is shoWn, in practice such memory arrays contain on the 
order of about one gigabit of memory cells When fabricated 
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4 
using, for eXample, an advanced 0.13 pm CMOS logic 
process, and even larger memories Will be realiZed as CMOS 
logic processes improve further. The memory 100 in practice 
is organiZed into bytes and pages and redundant roWs or 
columns (not shoWn), Which may be done in any desired 
manner. Many suitable memory organiZations are Well 
knoWn in the art. 

FIG. 2 shoWs a partial layout diagram 200 for a portion of 
the memory array 100, and FIG. 3 presents a cross-section 
of an illustrative MOS integrated circuit 300 shoWing the 
principal structure aspects thereof corresponding to the 
paired memory cells formed by transistor-half transistor 
pairs 115 and 111 and 121 and 125 in accordance With the 
layout diagram of FIG. 2. The layout diagram of FIG. 2 is 
suitable for an advanced CMOS logic process, for eXample. 
The term “MOS” literally means metal-oXide-silicon. 
Although the letter “M” stands for a “metal” gate structure 
and the letter “O” stands for oXide, the term MOS is 
commonly understood to pertain to any gate material, 
including doped polysilicon and other good conductors, as 
Well as to various different types of gate dielectrics not 
limited to silicon dioXide, and the term is so used herein. For 
eXample, the dielectric may be any type of dielectric, such 
as an oXide or nitride, Which undergoes a hard or soft 
breakdoWn upon the application of a voltage for a period of 
time. In one embodiment, a thermally groWn gate silicon 
oXide of about 50 angstroms thick is used. 
The memory array 100 preferably is laid out in a grid in 

Which the column lines such as C1 and C2 are orthogonal to 
the roW lines such as R1, R2, R3 and R4 as Well as the 
diffused source lines. An active region mask, containing 
pattern 213 (FIG. 2), is used to form oXide isolation 
structures, Which include oXide trenches 302 and 314 (FIG. 
3), and to de?ne the active regions such as 313 (FIG. 3), 
Which Will contain the various transistors, half-transistors, 
and diffused source lines of the memory array. The MOS 
half-transistor 111 and the MOS transistor 115 at the cros 
spoint of the roW line R1 and the column line C1 and the 
MOS half-transistor 125 and the MOS transistor 121 at the 
crosspoint of the roW line R2 and the column line C1 are 
formed in the p Well active region 313 in the folloWing 
manner. 

An ultra-thin gate oXide layer 312 is formed folloWed by 
a deposition and doping of polysilicon, Which is patterned 
using a gate mask containing patterns such as 211, 214, 221 
and 224 for the gates 311 and 301 of half-transistor 111, 125 
(as Well as the gates (not shoWn) of half-transistors 112 and 
126 and other half-transistors), and patterns such as R1 and 
R2 for the roW lines R1 and R2, Which also serve as gates 
for the select transistors 115, 121, 116 and 122 (as Well as 
other select transistors). The various source and drain 
regions are formed by negative lightly doped drain 
(“NLDD”) process steps (implants, spacers, and n+source/ 
drain implants), creating the n+ regions 306, 308 and 310. 
The region 308 is also part of a diffused source line. A 
contact mask including patterns 210, 215, 220 and 225 (FIG. 
2) is used to form contact vias to the gates 301 and 311 (FIG. 
3) and other gates (not shoWn). A metal mask includes 
dashed patterns labeled C1 and C2 (FIG. 2) for forming 
column lines such as C1 and C2, Which are orthogonal to the 
polysilicon roW lines such as R1, R2, R3 and R4 as Well as 
the diffused source lines. The other transistor-half transistor 
pairs in the memory 100 are simultaneously formed in an 
identical manner. 

FIG. 4 shoWs a cross-section of an illustrative MOS 
integrated circuit 400 shoWing the principal structural 
aspects thereof. The cross-section 400 is similar to the cross 


















